ABSTRACT OBJECTIVES: To determine the effects of Egb761 on testicular tissues and semen parameters in rats exposed to cellphone waves. BACKGROUND: EGb761 has antioxidant properties as a free-radical scavenger. Cellphone electromagnetic radiation (EMR) induces oxidative stress in cells. METHODS: Twenty-one Wistar albino male adult rats were divided into three groups (control, experimental, treatment), including seven rats in each. The experimental and treatment groups were exposed to cellphone EMR (0.96 W/kg) for six weeks (4 hrs/day). Egb761 (100 mg/kg/day) was also added to the treatment. Testes, epididymal semen and blood plasma were used for analysis. RESULTS: Exposure to cellular phone radiation resulted in a signifi cant impairment in testicular morphometry and histological structure, reduction of total and motile sperm numbers and plasma testosterone level. Egb761 administration improved testicular damage and led to a marked increase in plasma testosterone levels and total and motile sperm numbers. CONCLUSION: Male reproductive system is susceptible to cellphone radiation. Cellphone waves induce toxic effects in testicular tissues, impair spermatogenesis and cause an imbalance in testosterone hormone levels. Egb761 ameliorated these toxic effects by reversing testicular tissue damage, restoring normal spermatogenesis and hormone levels. This suggests that Egb761 is a potential therapeutic agent against EMR-induced male reproductive toxicity (Tab. 3, Fig. 6, Ref. 45). Text in PDF www.elis.sk.
Introduction
Cellular phones are one of the sources of electromagnetic radiation (EMR). The measure of interaction of EMR with living tissues is defi ned as specifi c absorption rate (SAR), which is the unit value of the absorbed power turned into heat in tissues, expressed as the absorbed energy per kilogram (W/kg) (1, 2) .The World Health Organization (WHO) suggests a maximum of 0.1 W/kg SAR values of cellphones in use range between 0.1 and 1.11 W/kg, and the usage of these phones has been increasing gradually as well. Cellphones' EMR penetrates tissues and can be a reason for health problems (1, (3) (4) (5) .
People carry their cellphones in their pockets or hands, locations which are generally close to their genitals. Therefore, cellphones could negatively affect their reproductive systems (6) . In spermatogenesis process, Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH), and Testosterone (T) have very important roles (7) . Abnormalities and malfunctions associated with these hormones manifest themselves by impairments in sperm characteristics. Many factors, such as testicular torsion, infections, cryptorchidism, gonadal dysgenesis, varicocele, medication, and EMR can unfavorably affect spermatogenesis and lead to infertility (8) . Chronic exposure to radiofrequency electromagnetic radiation of cell phone leads to defective testicular function that is associated with increased oxidative stress (9) and decreased gonadotropic hormones (FSH, LH, T) profi le (10) .
These pathologies cause oxidative damage, along with an increase in reactive oxygen radicals (ROS) and a decrease in antioxidant capacity (11) . ROS target all structures of the cell, and especially the lipid membranes (12) . Spermatozoa consist of a high rate of polyunsaturated fatty acids, and therefore they are easily affected by these factors (13) . It has recently been reported that antioxidant capacity diminished in human semen depending on exposure to cellphone radiation, and as a result, fertilization potential could be diminished or destroyed (11, 14, 15) . On the other hand, it is stated that the effect of antioxidant substances can improve sperm quality and increase fertility (16, 17) .
It was postulated that natural antioxidant molecule therapy attenuates oxidative stress-induced cell damage (18) (19) (20) (21) . EGb761, a standardized extract of Ginkgo biloba leaves, has antioxidant properties as a free-radical scavenger (22) . Numerous pharmacologically active constituents have been extracted from the leaves of Ginkgo, such as fl avones, bifl avones, organic acids, and fl avonoid glycosides. It is the diterpene lactones; however, including ginkgolides A, B, C, J, M and the sesquiterpene, biloablide. The ginkgolides also show varying degrees of potency as specifi c antagonists of platelet activating factor (PAF). Of the fi ve naturally occurring ginkgolides, B is considered the most active from the point of view of antagonizing PAF (23) . Among various compounds, ginkgolic acid C 17 : 1 and ginkgolic acid C 15 : 1 are the most abundant ones extracted from Ginkgo biloba leaves (24) , its antitumor effects through the modulation of several oncogenic targets including attenuation of pathways involved in lipogenesis (25) , cell cycle arrest and decrease of the Bcl-2/Bax ratio (26) . It was found for the fi rst time that ginkgolic acid inhibits both constitutive and inducible STAT3 (oncogenic transcription factor) activation leading to the suppression of cell proliferation and down-regulation of various gene products that prevent apoptosis and promote infl ammation and metastasis in tumor cells (27) .
Numerous studies with EGb761 have demonstrated a positive effect in increasing vasodilation and peripheral blood-fl ow rate in the capillaries of patients suffering from a variety of circulatory dysfunctions and infl ammations. Moreover it has benefi cial effects in the treatment of neurological, cardiovascular, age-related and various diseases (28, 29) . Thus, the aim of this study was to investigate the therapeutic effect of EGb761 on cellphone-EMRinduced testicular damage and impairment of sperm production in adult male rats.
Materials and methods
The experimental protocol was approved by the Animal Ethics Committee of Gaziosmanpasa University. Twenty-one adult male Wistar albino rats (350-400 g) were purchased from the Experimental Medicine Research Centre at Gaziosmanpasa University. The rats were divided into three groups (control, experimental/ test, treatment) of seven rats each. The center where the animals were housed was maintained at 22-24 °C with 50-65 % relative humidity under a 12 h light/dark cycle. The animals were allowed free access to food and water. Rats in the control group were not subject to cellphone radiation or any chemical substance application. Rats in the test and treatment groups, in polycarbonate cages, were kept between two cellphones (Nokia 3310, NHM-5NX) in talk mode with each other. Each phone, emitting EMR-RF in 0.96 W/kg SAR value, was positioned 50 cm from the cages. These rats were exposed to cellphone EMR for six weeks (2 hrs a.m. + 2 hrs p.m./day). Egb761 (100 mg/kg/day, ip) (TriPharma Drug, Turkey) was also given to the treatment group during the experimental period. At the end of the study, the rats were killed and the testicles and the epididymis were harvested. The testes were placed in Bouin solution for immediate histological analyses. After transecting the proximal vas deferens, the sperm of each rat was allowed to passively fl ow into a Petri dish for evaluation of sperm number, motility, and morphology. For biochemical analyses, approximately 5cc blood was taken from the heart ventricle of the rats by an injector into biochemical tubes.
Morphometric examination
At the end of the study, after the separation of the testes, these were evaluated macroscopically and morphometrically. For this purpose, as soon as the testes were removed, their length and width were measured by a sensitive compass. Two separate measurements were made for each testis; the averages of these measurements were taken and recorded as a value belonging to each rat.
Histological examination
The testes were fi xed in Bouin fi xative. The tissues were subject to routine histological procedures and embedded in paraffi n blocks. They were cut in 5 μm thick slices by microtome (Leica RM 2135, Germany). Slices were stained with hematoxylin-eosin. The sections were analyzed for the general architecture, spermatogenesis, the basement membrane of seminiferous tubules, and the presence or absence of Leydig cell hyperplasia. Seven rats from each group and seven sections and a minimum of twenty seminiferous tubules in each testis were evaluated and the mean Johnsen score was calculated (30) . Histological criteria for the modifi ed Johnsen Scoring are described in Table 1 .
TUNEL assay
We conducted a TdT-mediated deoxyuridine triphosphate nick end-labelling (TUNEL) staining to see how the apoptosis level in the testes would change with cellphone EMR. The TUNEL staining assay kit (In Situ Cell Death Detection Kit, AP; Roche) and all associated procedures were performed according to the manufacturer's instructions. Briefl y, fi ve-μm-thick sections were deparaffi nized, rehydrated and 750 W microwave irradiation was applied for 1min. Then, they were immersed for 30 min at room temperature in Tris-HCL, 0.1 M, pH 7.5. After being rinsed with PBS and having the excess fl uid drained off, 50 μL of the TUNEL reaction mixture (for the negative control 50 μL Label solution) was added and slices were incubated for 60 min at 37 °C in a humidifi ed atmosphere in the dark. After the samples were rinsed with PBS, Converter-AP was added to them. They were incubated in a humidifi ed chamber for 30 min at 37 °C and then rinsed with PBS; Substrate Fast Red solution was added, and the slices were incu- 
Sperm evaluation
In order to observe the harmful effects of chronic exposure to cellphone EMR on sperm cells and the effects of Egb761, numerical and morphological analyses of the epididymal spermatozoa of rats were made.
For numerical analyses, a few drops of sperm suspension were dropped on a Thoma slide and observation was made at 400X using a phase contrast microscope in fi ve randomly selected counting fi elds. The spermatozoa were evaluated in terms of number and motion parameters immediately after isolation from the epididymis. Sperm parameters, such as numbers, motility, etc. were expressed separately, adapting the parameters to the 2010 WHO decisions (31).
For sperm morphological analyses, epididymal semen content was spread on a clean and grease-free slide. Diff-Quick staining was made and the spermatozoa were evaluated in terms of the modifi ed Kruger Strict criteria for issues such as head, neck, and tail abnormalities with a microscope at 40X objective (32) 
Biochemical examination
While the rats were under deep anesthesia, blood samples of approximately 5 cc were taken from the rats into biochemical tubes for hormonal analyses. After the blood coagulated, the samples were centrifuged at 4 °C and 1500 g for 15 min. Serum was placed in Eppendorf tubes and kept at -80 °C until analysis. Serum LH and T hormone levels were measured in all groups according to Length 
Statistical analysis
The statistical analyses were performed using the SPSS Statistics 20 package program (IBM Co., Somers, NY, USA) and the data were expressed as mean ± standard deviation. Normal distributions of the data were analyzed by using a Kolmogorov-Smirnov test. Multiple comparisons between the groups were made after a one-way ANOVA by post hoc multiple comparison tests. In the comparison of biochemical data, one-way analysis of variance was used. A value of p < 0.05 indicated a signifi cant difference.
Results

Morphometric result
Testes lengths were signifi cantly decreased in the EMR and treatment groups (p = 0.001). Widths of the testes decreased only in the test group (p = 0.027). Although the treatment group measurement results decreased somewhat, they were statistically similar to the control (p = 0.096). When the length and width were evaluated together, there was a distinct decrease in the test and treatment groups (p = 0.001). Although there was some level of decrease observed in the treatment group, it was not statistically signifi cant (Tab. 2). An HSD test was used.
Histopathological results
The testes of the control group rats had a generally normal tissue appearance. In the test group, both germinal epithelial cell disarray and some basal membrane detachments were remarkable. Moreover, in those testes that were empty or with rare germinal cells, coagulative necrosis was observed. The integrity of interstitial tissue was destroyed and there was a slight edema, congestion, pale Leydig cells, and numerous blood cells in some areas. In the treatment group, although similar histopathological fi ndings were observed in some areas, testis tissues were slightly restored and most of the tubules were intact and consisted in all spermatogenic series. Interstitial tissues were mostly of a normal histological pattern (Fig. 1) .
In line with these histopathological results, Johnsen scores were lower in the experimental group than in the other groups, and this was statistically signifi cant (p = 0.004). Although the Johnsen score average of the treatment group (9.11) decreased in comparison to the control group (9.37) and the test group (8.63), it was not statistically signifi cant (p = 0.089, p = 0.055) by a Tamhane test (Fig. 2) .
Apoptotic index
In the experimental group, seminiferous tubule API was observed to be statistically increased in comparison to the other groups (p = 0.001). In the treatment group there was some increase in comparison to the control in terms of seminiferous tubule apoptotic cell numbers; however, these two groups were not statistically different (p = 0.197). In the control group, the API was the lowest. It was estimated that the APIs of Egb761 and the control groups were statistically similar to each other by a Tukey HSD test (Figs 1-3) .
Sperm characteristics
Stabile spermatozoa numbers were reduced in the test group and statistically different from the other groups (p = 0.011), but the treatment group was similar to the control (p = 0.092). Motile spermatozoa numbers decreased signifi cantly (p = 0.010) in the experimental group compared to the control. There was some increase in Egb761; however, it was not statistically different from the other groups (p > 0.05). Total spermatozoa counts of the Egb761 and control groups were statistically the same, and the test group values decreased suffi ciently so as to be different than the other two groups (p = 0.034). Motile spermatozoa percentages were not signifi cantly different (p = 0.448) between the groups (Tab. 3). LSD test was used.
In terms of sperm morphologic criteria results, the rate of normal spermatozoa decreased signifi cantly in the experimental group compared to both the control and treatment groups (p =0.001). The decrease in the treatment group was not signifi cant when compared with the control group, and these two groups were not different from each other (p = 0.145). The rate of total abnormal spermatozoa increased signifi cantly in the experimental group in comparison to the other groups (p = 0.001). The increase in the Egb761 group was not statistically different from the control (p = 0.150). The rate of the spermatozoa with tail anomaly increased signifi cantly in the test group in comparison to the control (p = 0.007). There was an increase in treatment group; however, it was not statistically different from the other groups (p > 0.05). The spermatozoa with neck anomaly increased in the EMR group compared to the control (p = 0.001) and treatment (p = 0.013) groups. The other two groups were not statistically different from each other (p = 0.19). There was no signifi cant difference among groups in terms of spermatozoa with head anomalies. The average of normal sperm percentage decreased in the experimental group compared to the other groups (p < 0.05). A slight decrease was found in the Egb761 group, but it did not differ from the control (p = 0.47). LSD and Tamhane tests were used (Figs 4 and 5 
Biochemical results
In the test group, when the average serum LH levels were compared with the control group, there was a signifi cant decrease (p = 0.01). There was less of a decrease in treatment group in comparison to the control group in proportion to EMR; however, it was not statistically signifi cant (p > 0.05) (Fig. 6A) . Mean serum T levels did statistically differ between the EMR and other groups. There was a statistically signifi cant decrease in the experimental group when the control (p = 0.015) and treated groups (p = 0.040) were compared. There was some decrease in treated rats mean T values, but this did not signifi cantly differ from the control. Therefore, it was determined that this group was statistically the same (p > 0.05) as the control (Fig. 6B) . Tukey HSD test was used.
Discussion
The etiology of the direct or indirect contribution of male factors in infertility is 50 % and is solely responsible for 20-30 % of human infertility (33) . Problems related to sperm production can originate from many different factors such as hormonal, environmental, physical level within the testicle, causing problems with the seminiferous tubules. FSH, LH, and T hormones have a crucial role in spermatogenic processes; following stimulation with LH, T is synthesized and used for spermatogenesis (7) . If there are abnormalities of these hormones, spermatogenesis is disrupted (34) . Many factors including obesity, temperature, environmental toxins, and technological devices, negatively affect spermatogenesis and 
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could lead to male infertility (5, 35) . It has been recently reported that cellphones could cause infertility as well (36, 37) . Although the effects of cellphone EMR were investigated by many studies, some current results are controversial (5, 38) . Cellphone EMR waves induce oxidative stress and affect testicular structure and functions; (9) spermatogenesis is impacted (11, 39) and it may lead to future infertility. ROS formed as a result of oxidative stress in spermatozoa affect directly sperm motility and morphology as well (40) (41) (42) . This may be the reason that the sperm parameters of rats exposed to cellphone radiation were negatively affected and histopathological damages in the testes increased. It was determined that Egb761 had a protective and therapeutic effect against many types of tissue damage and various diseases (29, 43, 44) . In this case, we also found that Egb761 alleviated the adverse effects of cellphones on testes and semen parameters. In the treatment group LH was increased, but not suffi ciently. This may be due to the test period being of insuffi cient length. Signifi cantly decreased LH in the EMR group suggested that cellphone radiation has a central effect on LH (hypothalamic or hypophyseal). Similar to the fi ndings of Meo et al., we also observed a considerable decrease of T levels (10, 45) , suggesting that cellphone waves had a negative effect on Leydig cells. That the treatment and control groups have close serum T levels also suggests that Egb761 protected Leydig cells from the cellphone EMR.
In sperm morphology evaluations, we observed a signifi cant increase in the number of abnormal spermatozoa (except head abnormalities) in the experimental group. When the abnormalities were evaluated as a total, Egb761 had protective effect, but if they were analyzed separately, it did not have a statistically signifi cant protective effect except against neck anomalies. The reason for this was that EMR's toxic degradation or elimination was delayed and the treatment was not fully effective. Many mechanisms might have played a role in this situation. If the treatments were applied for a longer period, a full recovery may have been observed.
As shown by the results of this study, exposure to cellphone EMR can have harmful effects on the testicular tissue, sperm production and activity, and T hormone production. Determination of the considerable reduction of total and motile sperm numbers of rats with cellphone exposure suggested that cellphone EMR waves could lead to infertility. However, an increase in sperm count and motility, T hormone level, mean Johnsen scores and decrease in mean testicular apoptotic index, abnormal forms of spermatozoa, testicular tissue damage were obtained with Egb761 application, which implies that it can be protective and therapeutic against the hazardous effects of mobile phone EMR.
In conclusion; in light of the biochemical, histological and hormonal fi ndings, this study revealed that the male reproductive system is particularly susceptible to cellular phone EMR and it can be affected negatively as a result of prolonged exposure to cellular phone EMR. Cellular phone waves induce toxic effects on testicular tissues, impair spermatogenesis and cause an imbalance in gonadotropic hormones particularly T hormone levels. Egb761 ameliorated these toxic effects by reversing testicular tissue damage, restoring normal spermatogenesis and hormone levels. This suggests that Egb761 may be a potential protective and therapeutic agent against EMR-induced male reproductive toxicity. Nevertheless, further research is necessary on the elimination of EMR and the full mechanism of the process.
